Abstract. The impact of Information and Communication Technology (ICT) on economic growth and development has nowadays proven to be significant for almost all national economies. In this paper, a quantitative analysis of the impact of ICT on Croatian economic growth is performed using the input-output (IO) method. The direct and indirect effects of ICT sectors are analysed. Subsequently, simple output multipliers and simple value added multipliers are then calculated. The results indicate that there are no significant differences between the ICT multipliers for the Croatian economy in 2010 and multipliers of other sectors. The largest values of multipliers of all ICT sectors are attributed to the one of ICT service sector. Moreover, significant changes were also not observed when comparing ICT multipliers for the Croatian economy in 2004 and 2010. In addition to Croatia, multiplier analysis of ICT sectors was conducted for the group of new and long-standing European Union member states. The conclusion is that, in new member states, the implementation and usage of ICT has a lower contribution to economic growth and development.
Introduction
Information and Communication Technology (ICT) has become the most important driver of continued growth and development of any economy, stimulating the creation of new and more efficient models of organizational structures in the global economy. ICT can, among other things, play a significant role in the globalization of production, as well as in the transfer of technologies, enabling constant interaction via the Internet, mobile communications, digital television and e-commerce, regardless of geographical position or time zone.
Contribution of ICT to macroeconomic growth and development
The latest research on ICT indicates that the dynamics of ICT has indeed become a major driving force for productivity, competitiveness, collaboration, and superposition of resources at both a national and international level [33] , [41] . The influence of ICT on productivity, economic growth and overall development is evident in ICT investments and its utilization, contributing to an increase in human capital, higher efficiency, rapid technological progress in the production of ICT goods and services, including faster growth and development of the productive ICT sector [1, 35, 51] . The importance of manufactured goods is decreasing in the leading industrial economies, whereas the importance of production data and information processing is rapidly increasing. Generally speaking, one can presume that, due to the transition from an industrial to an information society at a macroeconomic level, production and consumption of ICT goods and services is significantly increasing, which in turn exerts a positive influence on economic growth and development [9, 27] . This strategy was adopted by the United States of America which intends to invest 7.2 billion dollars in the expansion of ICT and the Internet, as declared in the American Recovery and Reinvestment Act of 2009. Europe has taken a similar path as reflected in the goals of its Digital Agenda, where by the year 2020, at least 50% of Europe's population will have Internet access through the implementation of specific projects. Many studies have confirmed that ICT can also be classified as a general purpose technology, because ICT is a generic technology that leads to the expansion of all productive economic and social systems [2] . The main importance of a general purpose technology is that it leads to fundamental changes in production processes, as well as fast expansion, technological dynamics and innovative complementarity, meaning that productivity in various sectors increases specifically due to the constant progress of ICT technology. The advancement of general purpose technologies reflects directly on the entire economy in terms of increased productivity [19] . Accordingly, ICT is classified as a general purpose technology, given that today, computers and the associated peripheral equipment are used in all economic and social sectors [5] . The contribution of ICT as a general purpose technology has been supported by Jalava and Pohjola [24] whose study shows that the contribution of ICT sector to Finland's GDP between 1990 and 2004 was three times greater than the contribution of electricity from 1920 to 1938.
Apparently, ICT has an even greater impact on the economy, as it supports numerous service sectors. This is particularly evident at the present time, when new forms of services are gaining importance, such as e-banking, e-commerce, elearning, e-health, and others services [15, 45] . Since the mid-1990s, a majority of researchers have identified a positive correlation between ICT investment and economic performance at aggregation levels, e.g. companies, industries, and countries [38, 39, 52, 4, 25, 28] . In the last decade, ICT investment has contributed 0.2 -0.6 percent to annual GDP growth in Organisation for Economic Cooperation and Development (OECD) countries [37] . Moreover, studies at a macro-level conducted by van Ark and other researchers clearly demonstrate the existence of an increasing productivity gap between Europe and the USA, caused by a less effective and widespread adoption of ICT by European companies [47, 11, 12, 48, 49, 50, 17, 46, 20, 21, 22 ].
IO analysis for determining the contribution of ICT to macroeconomic growth and development
Numerous studies noted in the previous sections clearly show that the expansion of ICT and the Internet contributes to positive results, both on a micro and macro level. This section provides an overview of relevant research related to the use of IO analysis in order to determine whether and to what extent intensive investment and use of ICT can generate desired results for national economies that have recognized the role of ICT in growth and development. Using a hypothetical extraction method in the IO framework based on the aggregated six-sector IO table in 2001 in which ICT is a main sector, Bazzazan [3] provides an analysis of the economic importance of ICT in Iran at the national level. The results of analysis show that, in terms of demand, the ICT sector is ranked fourth from among six sectors and accounts for 8.6 percent of total output, whereas in terms of supply, it is also ranked fourth with 9.5 percent of total output. Similar positive results for the impact of expansion and use of ICT on economic growth is also shown in the analysis conducted for the economy of Italy by Di Carlo and Santarelli [14] . Their aim was to evaluate of the impact of ICT investments on the Italian national economy by analysing production and demand multipliers which were calculated using IO matrices released by ISTAT for the years 1995, 2000, 2005. The results have shown that ICT has a greater multiplicative effect on the productive system than the non-ICT sectors and, thus, is a key sector for economic growth.
An attempt to analyse the impact of ICT at a global world level was done by Mattioli and Lamonica [31] . In their research, the authors used the World Input Output Table for the period 1995-2009, which measured the interaction of the ICT sector with other productive sectors for 27 European countries and 13 other major countries classified as the highest industrialized countries in the world. Rasmussen forward and backward linkage indices were used for data analysis. The study confirmed that the ICT sector has a multiplier effect on other sectors, leading to the conclusion, as with numerous other previous studies, that the ICT sector plays a significant role in the economic systems of the highly developed countries.
On the other hand, some research results, especially for developed countries, do not show positive but instead negative or stagnant results from the expansion of ICT based on development indicators. A study conducted by Rohman and Bohlin [43] and based on a sectoral approach using the IO methodology investigates the contribution of ICT sectors in driving economic performance in European economies. The authors used a decomposition analysis confirming that some countries (e.g. Germany and Spain) experienced a decline in the output growth of their ICT sectors in the period 2000-2005 when compared to the period 1995-2000. The study also notes that, at a country level, in time ICT sectors lost the advantage of export and impact of technological change, and that the impact of technological change is reduced due to lack of integration among ICT and other sectors in terms of manufacturing. On the other hand, the same analysis has shown that the technological change effect in France remains stable. Decomposition analysis conducted by Rohman [44] shows similar results for 10 European economies. Data analysis provided the same results as did previous studies, indicating that the multiplier effect of ICT sectors on the rest of the economy decreased during the period 2000-2005, when compared to 1995-2000, and finally, a decline in the output of ICT sectors was linked to the loss of export advantages and technical change gains in the said sectors. Much research on European economies on the regional level has also shown a low contribution to economic growth and development by ICT sectors.
Furthermore, decomposition analysis using IO tables performed by Zuhdi et al. [54] , for Indonesia in the period 1990-2005 and Japan for the period 1995-2005, whose purpose it was to analyze the role of ICT sectors in contributing to structural changes in the national economies has indicated that ICT sectors played an important role in changing Japan's economy, but did not have a significant influence on structural changes in the economy of Indonesia. In later research, Zuhdi [55] endeavoured to obtain another perspective on the role of the ICT sector in Indonesia's national economy by applying IO analysis for the period 1990-2005. Here, Zuhdi used the simple output multipliers method to achieve his purpose. Similar results also appear in this study. The same author analyzes in [56] the impacts of final demand changes on total output of Indonesian ICT sectors applying demand-pull IO quantity model. "Whole sector change" and "pure change" conditions are considered in this study. The results of calculation show that, in both conditions, the biggest positive impact on the total output of the sectors is attributed to a change in household consumption, while the change of import has a negative impact. One of the recommendations of this study is the drafting of import restriction policies for ICT products.
A similar study of Japan's economy was also conducted by Zuhdi and Prasetyo [57] using the IO table for 2005. The purpose of the study was to analyse total output trends of the Japanese ICT sector as influenced by final demand changes. The study also employs IO analysis to the interdependence of industries in an economy. The results show that the Japanese ICT sector exhibits a similar pattern. The authors of the study suggest the following: (1) export activity from the ICT sector should be enhanced, (2) import activity of ICT products should be restricted, and (3) more ICT domestic market should be captured.
An interesting study was conducted by Irawan [23] from the perspective of developed and developing countries. The author performed comparative analysis based on the IO Table for 2005 from four ASEAN Member States -i.e. Indonesia, Singapore, Malaysia and Thailand. The conclusion drawn from the analysis results shows that the size and structure of ICT sector is important in national economies, that ICT sectors have a positive impact on growth and development and finally, that countries which are more developed benefit much more from ICT than countries which are less developed.
The study of relevant literature shows that IO methodology was used in Croatian economy in analyzing the impact of forestry and wood industry to the economic growth, as well as on the problems of the impact of export in food industry and textile industry. The 2004 IO table for Croatia was used as reference data in all of these reviews. Lovrinčević and Mikulić in [29] quantified the importance of the Croatian forestry and wood industry using IO analysis. The obtained data indicated that the multiplier effects of the forestry and wood industry were significant. The calculated multipliers indicated high values, especially the output multiplier in section 20 -Wood products, which was also the highest multiplier among all other industries. The IO model in [8] was the main method for obtaining new findings about the state and position of exports from the Croatian food industry and its effects on the national economy. Type I multipliers and type II multipliers of gross output, value added and employment were calculated. Multiplier values indicate the strategic importance of the food sector for the national economy. The results also showed that food industry exports had the highest multiplicative effect on agricultural production and trade. In the paper [7] , authors Buturac et al. measured the overall importance of textile industry for the Croatian economy in terms of gross output, value added and employment by applying IO analysis. The obtained output and value added multipliers for the textile industry were low, while the change in final demand had the strongest direct effect on employment. Relatively low multipliers of the Croatian economy reflect that this economy is service-based, and that the international competitive position of its manufacturing industry has decreased.
Led by the same aim, the authors of this article will analyse the impact a growing ICT sectors using the IO table for the Croatian economy for the years 2004 and 2010, and will compare IO multipliers between the new and longstanding European Union (EU) member states. The reason behind this is that no similar studies have used the IO methodology to investigate impact of ICT sectors on national economic growth and development. The following chapters explain the methodology and present the respective research results, conclusions and recommendations. The definition used in this paper to identify ICT economic activities is [13] : "The production (goods and services) of a candidate industry must primarily be intended to fulfil or enable the function of information processing and communication by electronic means, including transmission and display". This definition of ICT provides a statistical basis for measuring economic activity generated by the production of ICT goods and services and is comparable internationally. There are three main groups of ICT activities: manufacturing According to the OECD definition [36] : "ICT products must primarily be intended to fulfil or enable the function of information processing and communication by electronic means, including transmission and display. Content corresponds to an organized message intended for human beings published in mass communication media and related media activities. The value of such a product to the consumer does not lie in its tangible qualities but in its information, educational, cultural or entertainment content." An ICT sectors consists of two large groups: ICT products plus content and media products. Based on this definition, ICT sectors have been detected in the symmetric IO table for the year 2004 and according to [30] those sectors that correspond to the above mentioned manufacturing, trade and services ICT sectors have been identified.
Definition and classification of the ICT sectors
Thus, sector CPA_C26 -Computer, electronic and optical products corresponds to sectors 30 -Office machinery and computers and 32 -Radio, television and communication equipment and apparatus, sector CPA_G46 -Wholesale trade services, except of motor vehicles and motorcycles corresponds to sector 51 -Wholesale trade and commission trade services, except for motor vehicles and motorcycles, sector CPA_J61 -Telecommunications services corresponds to sector 64 -Post and telecommunication services, while sectors CPA_J58 -Publishing services, CPA_J62_J63 -Computer programming, consultancy and related services, information services and CPA_S95 -Repair services of computers and personal and household goods correspond to sector 72 -Computer and related services.
Research methodology
Input-output analysis is considered a practical method for quantitative macroeconomic analysis. Its importance has been recognized in various aspects of planning the economic development, and in investigating complex quantitative effects of certain economic policy measures and emergency interventions in the economic development of the country [42, 53, 34] . The statistical basis of IO analysis are IO tables. In the IO table, the production system of an economy is broken down into a number of productive sectors, indicating how outputs from each sector of the economy are used as inputs by other sectors.
The basic equation in the IO model shows the impact of cross-sector flows on the total production of each sector in the IO table [34] . For sector , the equation expressing this dependence is given as follows:
where is total output of sector , the amount of a product from sector used as an intermediate input in production by sector , and is the final demand of sector , where , 1, . . . , . In defining the technical coefficient as a ratio of a product from sector that is required by sector in order to produce one unit of its product, the system of equations (1) for the entire economy in matrix form can be rewritten as:
where ⋮ ,
Matrix is called the technology matrix. A solution to the system (2), where is an -by-identity matrix is:
The information about conditions for the matrix and the matrix is given in more detailed in [40] . The Leontief Inverse matrix , also known as a multiplier matrix, measures how the total output is changed as a result of the change in final demand. Elements of the multiplier matrix represent the output of sector directly and indirectly required per unit of final demand from sector .
In [32, 34, 6] .
The authors in [18] argue about the output multiplier and employment multiplier are derived from an open and a closed IO model. They do not recommend using the multiplier results derived from a closed IO table as they yield exaggerated estimates of the impact of program expenditures on the economy. Several simple multipliers are possible, the ones for output and value added are provided here. Simple multipliers are calculated as the ratio of the direct and indirect effect to the initial effect alone. The sum of the j-th column of the multiplier matrix indicates the output of each sector of the economy directly and indirectly as required per unit of final demand of sector j. The initial output effect on the economy is defined as the initial monetary unit's worth of sector j output needed to satisfy the additional final demand. Hence, the simple output multiplier for the sector is defined as:
Simple value added multipliers express the value added of an economy directly and indirectly required per unit of final demand. For the sector , a simple value added multiplier is computed by multiplying the -th column of the multiplier matrix by the value added generated per unit of its output, i.e.:
where represents value added of sector .
Research results
The total output of all sectors that include ICT activities at basic prices was determined to be approx. 23.1 billion kuna based on the Croatian symmetric IO Source: Author's calculations based on data from the Croatian Bureau of Statistics [10] . Table 1 shows the values of the output and value added multipliers for 2010 for various sectors of the Croatian economy according to activity sections in the 2007 National Classification of Activities. Based on multiplier values, it becomes evident that activity F -Construction had the highest contribution to the economy while activity L -Real estate activities had the lowest contribution. For the case of the ICT sectors in 2010 (Table 2) , the largest output multiplier of 1.691 is attributed to sector CPA_J58 -Publishing services, meaning that a unit increase in final demand was expected to increase national output by around 1.691 units. Medium output multipliers were identified in sector CPA_C26 -Computer, electronic and optical products and in sector CPA_G46 -Wholesale trade services, except for motor vehicles and motorcycles with values of 1.581 and 1.601 respectively. The lowest output multiplier of 1.456 was in sector CPA_S95 -Repair services of computers and personal and household goods, due to the fact that ICT technology is rapidly and daily changing, and affordability of this technology is increasing. Therefore, more users decided to purchase new technology rather than repair or upgrade existing technologies.
The two sectors: CPA_J61 -Telecommunications services, CPA_J62_J63 -Computer programming, consultancy and related services, and information services, including the previously mentioned sector CPA_S95 -Repair services of computers and personal and household goods, belong to ICT services industries. These had relatively low output multipliers with values below 1.5. A similar conclusion relating to the above mentioned sectors can also be drawn for value added multiplier. When comparing the output multiplier and value added multiplier values in the Croatian ICT sectors for 2004 and 2010, it is observed that the values in 2010 decreased, but not significantly (see Table 2 and Table 3) .
Similarly, based on calculations of total sectoral multipliers using symmetric IO tables for 2004 and 2010 for all sectors of the Croatian economy, the authors in [26] conclude that significant changes in cross-sectoral relations during these two periods did not occur and that the overall sectoral multiplier decreased in the most comparable activities.
Subsequently, a discussion on output and value added multipliers for new and long-standing EU member states is carried out ( In fact, for sector CPA_C26 -Computer, electronic and optical products, which is covered by manufacturing, output multipliers were the lowest and highest among new EU member states, with 1.131 for Hungary and 1.595 for Slovenia, respectively. The lowest and highest output multiplier values for the same sector among long-standing EU member states were 1.524 for Belgium and 1.849 for France, respectively. In the ICT trade sector denoted by CPA_G46 -Wholesale trade services, except for motor vehicles and motorcycles, the difference in the maximum (0.011) and minimum (0.028) output multiplier values for new and long-standing EU member states is almost negligible. Among ICT service sectors, differences were found to exist between sectors CPA_J58 -Publishing services and CPA_J61 -Telecommunications services and sectors CPA_J62_J63 -Computer programming, consultancy and related services, information services and CPA_S95 -Repair services of computers and personal and household goods. New EU member states had lower minimum and maximum multiplier values for sectors CPA_J58 -Publishing services and CPA_J61 -Telecommunications services than long-standing members. On the other hand, sectors CPA_J62_J63 -Computer programming, consultancy and related services, information services and CPA_S95 -Repair services of computers and personal and household goods had lower minimum multiplier values in new EU member states, but greater maximum multiplier values in long-standing EU member states. Differences for the minimum and maximum values of the value added multiplier in the above analyzed sectors when comparing new and long-standing EU member states do exist, but they are not significant.
Conclusion
Rapid technological progress in the production of ICT goods and services, and faster growth and development of the ICT productive sector, has a significant impact on the productivity and efficiency of all the other sectors of national economies, as well as on the growth and overall development of social and economic systems as a whole. This research analyses the impact of ICT on Croatia's economic growth using the IO method to calculate simple output and value added multipliers. A comparative analysis of multipliers based on accessible symmetric IO tables was performed for ICT production, service and trade sectors of the Croatian economy. The analysis results indicate that the differences in multiplier values in the mentioned sector for the period in question By using the latest data for 2010, output and value added multipliers were analysed for all sectors of Croatian economy, and a comparison to the multipliers of the ICT sectors was also performed. The results show that the average value of output multipliers, as well as that of value added multipliers for all ICT sectors is around 1.5, which is consistent for the majority of multiplier values in all other activity sections with the exception of the respective four sections. Two of those four activity sectors had the lowest multiplier values: L (Real estate activities) and O+P+Q (Public administration and defence; compulsory social security; education; human health and social work activities, while the other two sectors: F (Construction), and B+C+D+E (Mining and quarrying; manufacturing; electricity, gas, steam and air conditioning supply, sewerage, waste management, remediation activities) had the highest multiplier values. Moreover, a comparative multiplier analysis was conducted for a set of EU countries which were, for the purpose of this paper, classified into two groups: new and the long-standing EU members, in order to establish whether ICT contributes equally to growth and development in longstanding EU member states, as opposed to new member states. The obtained results indicate a divide in the multiplier values between the new and longstanding EU member states leading to the conclusion that long-standing EU member states have capitalized on the potential of ICT sector more for the purpose of growth and development, as opposed to the new member states that subsequently joined the EU.
The unavailability of data necessary for calculating the remaining multipliers associated with IO analysis (e.g. employment multiplier) is one of the main limitations of undertaking this kind of research in Croatia, as is the case in other observed European Union countries. Another limitation of this analysis is due to the lack of data and the impossibility of performing long-term continuing analysis of the impact of ICT on the growth and development of the Croatian economy. The cause may be that, since becoming independent, the Republic of Croatia has not given much importance to the creation of IO tables, as is evident by the availability of only two IO tables, those for 2004 and 2010. Such information would enable recording and observing significant changes. Emphasis should be placed on the fact that a direct inter-sectoral comparison based on data available in IO tables from 2004 and 2010 cannot be carried out given that the methodology for creating IO tables for the respective years has not been consistent. Guidelines for future research should move towards more detailed research on data availability in order to collect additional data for applying alternative methods related to IO tables that would then be able to measure the ICT impact on economic growth and development. For instance, literature on national economies emphasis is placed on use of the Computable General Equilibrium (CGE) and the Input-Output Economic Model which enable monitoring of policy changes and provide an explanation of medium-but also long-term trends and inter-sectoral changes in policy on development and technology. 
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